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(54) PARALLEL INTERCONNECTION OF NEIGHBORING SOLAR CELLS WITH DUAL COMMON 
BACK PLANES

(57) A solar assembly or module comprising a plu-
rality of solar cells and a support, the support comprising
a conductive layer (102, 103) or back plane on each pla-
nar side. Each one of the plurality of solar cells (200-207)
is placed on the first conductive portion with the first con-
tact electrically connected to the first conductive portion
so that the solar cells are connected in parallel through
the first conductive portion. A second contact of each

solar cell can be connected to the second conductive
portion so that the first and second conductive portions
form terminals of opposite conductivity type. The mod-
ules can be interconnected to form a string or an electrical
series connection of discrete modules by overlapping
and bonding the first terminal of a first module with the
second terminal of a second module.
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Description

BACKGROUND OF THE DISCLOSURE

1. Field of the Invention

[0001] The present invention relates to the field of pho-
toelectric solar cell arrays, and to fabrication processes
utilizing, for example multijunction solar cells based on
III-V semiconductor compounds fabricated into multi-cell
modules or subassemblies of such solar cells, and an
automated process for mounting and interconnection of
such subassemblies on a substrate or panel.

2. Description of the Related Art

[0002] Solar power from photovoltaic cells, also called
solar cells, has been predominantly provided by silicon
semiconductor technology. In the past several years,
however, high-volume manufacturing of III-V compound
semiconductor multijunction solar cells for space appli-
cations has accelerated the development of such tech-
nology not only for use in space but also for terrestrial
solar power applications. Compared to silicon, III-V com-
pound semiconductor multijunction devices have greater
energy conversion efficiencies and generally more radi-
ation resistance, although they tend to be more complex
to manufacture. Typical commercial III-V compound
semiconductor multijunction solar cells have energy ef-
ficiencies that exceed 27% under one sun, air mass 0
(AM0), illumination, whereas even the most efficient sil-
icon technologies generally reach only about 18% effi-
ciency under comparable conditions. Under high solar
concentration (e.g., 500X), commercially available III-V
compound semiconductor multijunction solar cells in ter-
restrial applications (at AM1.5D) have energy efficiencies
that exceed 37%. The higher conversion efficiency of III-
V compound semiconductor solar cells compared to sil-
icon solar cells is in part based on the ability to achieve
spectral splitting of the incident radiation through the use
of a plurality of photovoltaic regions with different band
gap energies, and accumulating the current from each
of the regions.
[0003] Typical III-V compound semiconductor solar
cells are fabricated on a semiconductor wafer in vertical,
multijunction structures. The individual solar cells or wa-
fers are then disposed in horizontal arrays, with the indi-
vidual solar cells connected together in an electrical se-
ries circuit. The shape and structure of an array, as well
as the number of cells it contains, are determined in part
by the desired output voltage and current.
[0004] In satellite and other space related applications,
the size, mass and cost of a space vehicle or satellite
power system are dependent on the power and energy
conversion efficiency of the solar cells used. Putting it
another way, the size of the payload and the availability
of on-board services are proportional to the amount of
power provided. Thus, as payloads become more so-

phisticated and require more power, both the power-to-
weight ratio (measured in watts per kg) and power-to-
area ratio (measured in watts per square meter) of a solar
cell array or panel becomes increasingly more important,
and there is increasing interest in lighter weight, densely
packed solar cell arrays having both high efficiency and
low mass.
[0005] Space applications frequently use high efficien-
cy multijunction III/V compound semiconductor solar
cells. Compound semiconductor solar cell wafers are of-
ten costly to produce. Thus, the waste that has conven-
tionally been accepted in the art when cutting the rectan-
gular solar cell out of the substantially circular solar cell
wafer, can imply considerable cost.
[0006] Solar cells are often produced from circular or
substantially circular wafers sometimes 100 mm or 150
mm in diameter. Large solar cells (i.e. with, for example,
an area from 25 to 60 cm2 representing one-quarter or
more of the area of the wafer) are conventionally pre-
ferred so as to minimize the costs associated with the
assembly of the solar cells onto a support to form a solar
cell module. However, the use of large solar cells results
in poor wafer utilization, and large solar cells often
present issues of defects or variation in the material qual-
ity across the surface of the wafer. Also, larger solar cells
are fragile and present handling challenges during sub-
sequent fabrication steps that result in breakage of the
wafer or solar cells and corresponding lower manufac-
turing yield. Moreover, large solar cells of predetermined
size cannot be easily or efficiently accommodated on
panels of arbitrary aspect ratios and configurations which
may vary depending upon the "wing" configuration of the
satellite or space vehicle. Also, large solar cells are rigid
and can sometimes be problematic in terms of meeting
requirements for flexibility of the solar cell assembly or
solar array panel. Sometimes, flexibility is desired so that
the solar cell assembly or the solar array panel can be
bent or rolled, for example, so that it is displaceable be-
tween a stowed position in which it is wound around a
mandrel or similar, and a deployed position extending
outward from, for example, a space vehicle so as to per-
mit the solar cells to receive sunlight over a substantial
area. Sometimes, large solar cells can be problematic
from the perspective of providing a flexible assembly or
panel that can be readily bent, wound, etc. without dam-
age to the solar cells and their interconnections.
[0007] It is possible to reduce the amount of waste by
dividing a circular or substantially circular wafer not into
one or two single cells, but into a large number of smaller
cells. By dividing a circular or substantially circular wafer
into a large amount of relatively small cells, most of the
wafer surface can be used to produce solar cells, and
the waste is reduced. For example, a solar cell wafer
having a diameter of 100 mm or 150 mm and a surface
area in the order of 80 cm2 or 180 cm2 can be used to
produce a large amount of small solar cells, such as
square or rectangular solar cells, each having a surface
area of less than 5 cm2, or in some embodiments less
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than 1 cm2, less than 0.1 cm2, less than 0.05 cm2, or less
than 0.01 cm2. For example, substantially rectangular
-such as square- solar cells can be obtained in which the
sides are less than 10, 5, 3, 2, 1 or even 0.5 mm long.
Thereby, the amount of waste of wafer material can be
substantially reduced, and at the same time high utiliza-
tion of the wafer surface can be obtained. Also, when
dividing a solar cell wafer into a relatively large number
of solar cells, solar cells obtained from a more or less
defective region of the wafer can be discarded, or
"binned" as lower performance solar cells, that is, not
used for the manufacture of the solar cell assemblies.
Thus, a relatively high quality of the solar cell assemblies
in terms of performance of the solar cells can be
achieved, while the amount of waste is kept relatively low.
[0008] However, the use of a large number of relatively
small solar cell involves the drawback that for a given
effective surface area of the final solar cell assembly or
solar array panel, there is an increased number of inter-
connections between solar cells, in a parallel and/or in
series, which may render the process of manufacturing
the solar cell assembly or the panel more complex and/or
expensive, and which may also render the entire circuit
less reliable, due to the risk for low reliability, low yield,
or other manufacturing difficulties or errors due to defec-
tive or less-than-ideal interconnections between individ-
ual solar cells.

SUMMARY OF THE DISCLOSURE

1. Objects of the Disclosure

[0009] It is an object of the present invention to provide
an improved multijunction solar cell assembly or module
comprising a plurality of solar cells.
[0010] It is an object of the present invention to provide
a platform or substrate for the series and/or parallel con-
nection of discrete groups of solar cells.
[0011] It is an object of the present invention to provide
a lightweight solar cell assembly or module that is suitable
for automated manufacturing processes.
[0012] It is another object of the invention to provide a
flexible solar cell array module with high W/kg and W/m2

and low cost.
[0013] It is another object of the invention to provide a
solar cell assembly or module that utilizes an array of
small solar cells, for example, solar cells each having a
surface area of less than 5 cm2, or in some embodiments
less than 1 cm2, less than 0.1 cm2, less than 0.05 cm2,
or less than 0.01 cm2, for example, substantially rectan-
gular -such as square- solar cells in which the (longest)
sides are less than 10, 5, 3, 2, 1 or even 0.5 mm long.
[0014] It is another object of the invention to provide
for methods for producing solar cell assemblies or mod-
ules.
[0015] It is another object of the invention to provide
for a solar array panel comprising a plurality of intercon-
nected modules, and methods for producing a solar array

panel.
[0016] Some implementations or embodiments may
achieve fewer than all of the foregoing objects.

2. Features of the Disclosure

[0017] Briefly, and in general terms, the present dis-
closure relates to a modular solar assembly comprising
a support comprising a first side and an opposing second
side; a first conductive layer comprising a first conductive
portion disposed on the first side of the support; a second
conductive layer comprising a second conductive portion
disposed on the second side of the support; a plurality
of solar cells mounted on the first side of the support,
each solar cell of the plurality of solar cells comprising a
top surface including a contact of a first polarity type,
such as a cathode contact, and a rear surface including
a contact of a second polarity type, such as an anode
contact; the contact of the second polarity type of each
of the plurality of solar cells making electrical contact with
the first conductive portion of the first conductive layer;
a plurality of vias in the support extending from the first
side of the support to the second conductive portion on
the second side of the second support; a plurality of con-
ductive interconnects extending from the first side of the
support to the second conductive portion on the second
side of the support, each respective interconnect making
electrical contact with the contact of the first polarity type
of a respective solar cell and extending through a respec-
tive via to make electrical contact with the second con-
ductive portion of the second conductive layer disposed
on the second side of the support; a first terminal of the
module disposed on the second side of the support and
connected to the second conductive portion; and a sec-
ond terminal of the module disposed on the first side of
the support and connected to the first conductive portion.
[0018] In some embodiments of the disclosure, the
second terminal comprises or is made up of part of the
first conductive layer, and the first terminal comprises or
is made up of part of the second conductive layer.
[0019] In some embodiments the assembly further
comprises a bypass diode which can be mounted on, for
example, any of the first and second surfaces and func-
tion as a bypass diode for the entire solar cell assembly
or subportions or groups of solar cells thereof. Bypass
diodes are frequently used in solar cell assemblies com-
prising a plurality of series connected solar cells or groups
of solar cells. One reason for the use of bypass diodes
is that if one of the solar cells or groups of solar cells is
shaded or damaged, current produced by other solar
cells, such as by unshaded or undamaged solar cells or
groups of solar cells, can flow through the by-pass diode
and thus avoid the high resistance of the shaded or dam-
aged solar cell or group of solar cells. The bypass diodes
can be mounted on one of the metal layers and comprise
an anode terminal and a cathode terminal. The diode can
be electrically coupled in parallel with the semiconductor
solar cells and configured to be reverse-biased when the
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semiconductor solar cells generate an output voltage at
or above a threshold voltage, and configured to be for-
ward-biased when the semiconductor solar cells gener-
ate an output voltage below the threshold voltage. Thus,
when the solar cell assembly is connected in series with
other solar cell assemblies, the bypass diode can serve
to minimize the deterioration of performance of the entire
string of solar cell assemblies when one of the solar cell
assemblies is damaged or shaded.
[0020] In another aspect, the present disclosure pro-
vides a modular solar cell assembly and its method of
fabrication comprising a support comprising a first side
and an opposing second side; a first conductive layer
comprising a first conductive portion disposed on the first
side of the support, a second conductive layer comprising
a second conductive portion disposed on the second side
of the support.
[0021] In some embodiments, a plurality of solar cells
are mounted on the first side of the support, each solar
cell of the plurality of solar cells comprising a top surface
including a contact of a first polarity type (such as a cath-
ode contact in embodiments in which the solar cell is an
n-on-p configuration), and a rear surface including a con-
tact of a second polarity type (such as an anode contact
in embodiments in which the solar cell is an n-on-p con-
figuration); the contact of second polarity type of each of
the plurality of solar cells making electrical contact with
the first conductive portion of the first conductive layer.
[0022] In some embodiments, a plurality of vias in the
support are provided extending from the first side of the
support to the second side of the support, and a plurality
of conductive interconnects are provided extending from
the first side of the support to the second side of the
support, each respective interconnect making electrical
contact with the contact of the first polarity type of a re-
spective solar cell and extending through a respective
via to make electrical contact with the second conductive
layer disposed on the second side of the support.
[0023] In some embodiments, a first terminal of the
module is disposed on the second side of the support
and connected to the second conductive portion; and a
second terminal of the module is disposed on the first
side of the support and connected to the first conductive
portion.
[0024] In some embodiments, the first conductive por-
tion comprises a plurality of parallel strips of equal width.
In other embodiments of the invention, the first conduc-
tive portion comprises a plurality of strips having a width
that varies along the strip, for example, a width that in-
creases from a free end of the strip to an end of the strip
where the strip is electrically connected to the second
terminal. For example, the strips can have a substantially
triangular configuration.
[0025] In some embodiments, the second conductive
portion comprises a planar surface covering the entire
rear surface of the support, or a plurality of parallel strips
on the rear surface. In other embodiments of the inven-
tion, the second conductive portion comprises a plurality

of strips having a width that varies along the strip, for
example, a width that increases from a free end of the
strip to an end of the strip where the strip is electrically
connected to the first terminal. For example, the strips
can have a substantially triangular configuration.
[0026] A reason for the use of strips having a width that
varies along the strip on either the top or the rear surface
is that when current flows in one direction, such as from
a free end of the strip towards an end of the strip where
the strip is connected to the terminal, the amount of cur-
rent increases along the strip, as more and more solar
cells mounted on the strip are connected in electrical se-
ries, and contribute to the total current flowing in the strip.
Thus, the closer one gets to the end of the strip where
the strip is connected to the terminal, the higher the need
for a substantial cross section of the conductive material
in order to carry the current and avoid overheating or
excessive losses. Thus, varying the width of the strips
and thus the cross sectional area of the conductive ma-
terial in accordance with the increase in current, optimiz-
es the use of conductive material and thus implies a sav-
ing in terms of weight, which is important especially in
space applications.
[0027] In some embodiments, the first conductive por-
tion is a metallic layer that has a thickness in the range
of 5 to 50 microns.
[0028] In some embodiments, a plurality of solar cells
are disposed closely adjacent to one another on each of
the strips by a distance between 5 and 25 microns.
[0029] In some embodiments, each of the solar cells
have a dimension in the range of 0.5 to 10 mm on a side
[0030] In some embodiments, the support is a polyim-
ide film having a thickness of between 25 and 100 mi-
crons.
[0031] In some embodiments, the via has a diameter
of between 100 and 200 microns.
[0032] In some embodiments, the first terminal of the
module is disposed on a first peripheral edge of the mod-
ule.
[0033] In some embodiments, the second terminal of
the module is composed of a metallic strip extending par-
allel to the first peripheral edge of the module.
[0034] In some embodiments of the disclosure, the first
terminal and the second terminal are arranged in corre-
spondence with opposite peripheral edges of the support.
[0035] The arrangement of the present disclosure
makes it possible to connect a plurality of assemblies in
series by arranging the assemblies one after the other in
a partly overlapping manner, for example, in a way similar
to the way in which roofing tiles are arranged on a roof,
so that the second terminal of one of the assemblies con-
tacts the first terminal of another one of the assemblies.
This provides for easy electrical and mechanical inter-
connection without any use of discrete, complex inter-
connect elements, and the laborious welding or soldering
of the interconnect elements to the terminals. The termi-
nals of adjacent assemblies can be directly placed in con-
tact with each other and attached using suitable bonding
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means, such as soldering or welding.
[0036] In some embodiments, the bypass diode has a
top terminal of a first polarity type and a bottom terminal
of a second polarity type, and the bottom terminal is
mounted on and electrically connected to the first con-
ductive layer.
[0037] In some embodiments of the disclosure, at least
the first conductive portion comprises a plurality of strips,
wherein said vias are arranged between adjacent strips.
The solar cells can thus be arranged on the strips, for
example, with one or two rows of solar cells on each strip,
and interconnects such as simple wires, such as wire
bonded wires, can pass from the solar cells to the second
conductive portion through vias arranged in rows parallel
with said rows of solar cells, and arranged between the
strips. In some embodiments of the disclosure, the strips
have one free end and another end where the strips are
connected to the terminal.
[0038] In some embodiments, the assembly is an array
of between 9 and 36 solar cells.
[0039] In some embodiments, the solar cells are mul-
tijunction III/V compound semiconductor solar cells.
[0040] It has been found that this arrangement is prac-
tical and appropriate for automated manufacturing proc-
esses. The solar cells can be tightly packed adjacent to
one another at one side of the support, whereas the other
side of the support is used as a conductive backplane to
provide an electrical element that connects some or all
of the solar cells in parallel. Also, the presence of termi-
nals on both sides of the support facilitates interconnec-
tion and integration of the assemblies or modules into a
solar array panel in a simply and highly ordinated manner
and without need for special or discrete interconnects
between the different modules. For example, a series of
said solar cell modules or assemblies can be arranged
in a row with the second terminal of one of the solar cell
modules overlapping with and being bonded to the first
terminal of a preceding solar cell module, etc. Thus, a
simple and reliable mechanical and electrical series con-
nection of solar cell modules can be established.
[0041] In another aspect, the present disclosure pro-
vides a solar array panel comprising a plurality of modular
solar cell assemblies, each solar cell assembly including
an interconnect which electrically and mechanically con-
nects to the solar cell assembly with an adjacent solar
cell assembly, and wherein each solar cell assembly in-
cludes a support comprising a first side and an opposing
second side; a first conductive layer comprising a first
conductive portion disposed on the first side of the sup-
port, a second conductive layer comprising a second con-
ductive portion disposed on the second side of the sup-
port, a plurality of solar cells mounted on the first side of
the support, each solar cell of the plurality of solar cells
comprising a top surface including a contact of a first
polarity type, and a rear surface including a contact of a
second polarity type, the contact of second polarity type
of each of the plurality of solar cells making electrical
contact with the first conductive portion of the first con-

ductive layer; a plurality of vias in the support extending
from the first side of the support to the second side of the
support; a plurality of conductive interconnects extending
from the first side of the support to the second side of the
support, each respective interconnect making electrical
contact with the contact of the first polarity type of a re-
spective solar cell and extending through a respective
via to make electrical contact with the second conductive
layer disposed on the second side of the support; a first
terminal of the module disposed on the second side of
the support and connected to the second conductive por-
tion; and a second terminal of the module disposed on
the first side of the support and connected to the first
conductive portion.
[0042] In another aspect, the present disclosure pro-
vides a solar array panel comprising:

a plurality of solar cell assemblies including at least
a first solar cell assembly and a second solar cell
assembly, each solar cell assembly comprising a
support having a first side and an opposing second
side,

a plurality of solar cells mounted on the first side of
the support of each assembly;

a first conductive element disposed on the first side
of the first solar cell assembly and connected to a
contact of a first polarity of a solar cell on the support,
and a second conductive element disposed on the
second side of the first solar cell assembly and con-
nected to a contact of a second polarity of a solar
cell on the support;

a first conductive element disposed on the first side
of the second solar cell assembly and connected to
a contact of a first polarity of a solar cell on the sup-
port, and a second conductive element disposed on
the second side of the second solar cell assembly
and connected to a contact of a second polarity of a
solar cell on the support;

wherein the second solar cell assembly is disposed
with respect to the first solar cell assembly so that
the second solar cell assembly partially overlaps with
the first solar cell assembly and a portion of a second
conductive element of the second solar cell assem-
bly aligns with a portion of the first conductive ele-
ment of the first solar cell assembly and establishes
a mechanical and electrical connection between the
first and second conductive elements respectively.

[0043] In some embodiments, the solar array panel fur-
ther comprises a third solar cell assembly comprising:

a first conductive element disposed on the first side
of the third solar cell assembly and connected to a
contact of a first polarity of a solar cell on the support,
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and a second conductive element disposed on the
second side of the third solar cell assembly and con-
nected to a contact of a second polarity of a solar
cell on the support;

wherein the third solar cell assembly is disposed with
respect to the second solar cell assembly so that the
third solar cell assembly partially overlaps with the
second solar cell assembly and a portion of a second
conductive element of the third solar cell assembly
aligns with a portion of the first conductive element
of the second solar cell assembly and establishes a
mechanical and electrical connection between the
first and second conductive elements of the second
and third solar cell assemblies respectively.

[0044] In some embodiments, the support is flexible
and the first, second and third solar cell assemblies are
linearly arranged substantially along a plane.
[0045] In some embodiments, the first, second and
third solar cell assemblies are connected in an electrical
series by the electrical connections of the respective first
and second conductive elements in each successive so-
lar cell assembly.
[0046] In another aspect, the present disclosure pro-
vides a space vehicle and its method of fabrication com-
prising: a payload disposed on or within the space vehi-
cle; and a power source for the payload, including an
array of solar cell assemblies mounted on a panel, each
solar cell assembly including a support comprising a first
side and an opposing second side; a first conductive layer
comprising a first conductive portion disposed on the first
side of the support; a second conductive layer comprising
a second conductive portion disposed on the second side
of the support; a plurality of solar cells mounted on the
first side of the support, each solar cell of the plurality of
solar cells comprising a top surface including a contact
of a first polarity type, and a rear surface including a con-
tact of a second polarity type, the contact of second po-
larity type of each of the plurality of solar cells making
electrical contact with the first conductive portion of the
first conductive layer; a plurality of vias in the support
extending from the first side of the support in a direction
to the second side of the support; a plurality of conductive
interconnects extending from the first side of the support
in a direction to the second side of the support, each
respective interconnect making electrical contact with the
contact of first polarity type of a respective solar cell and
extending through a respective via to make electrical con-
tact with the second conductive layer disposed on the
second side of the support, a first terminal of the module
disposed on the second side of the support and connect-
ed to the second conductive portion; and a second ter-
minal of the module disposed on the first side of the sup-
port and connected to the first conductive portion.
[0047] In another aspect, the present disclosure pro-
vides a solar cell assembly that comprises a plurality of
solar cells and a support, the support comprising a con-

ductive layer, such as a metal layer, comprising a first
conductive portion. Each solar cell of said plurality of solar
cells comprises a top or front surface and a bottom or
rear surface and a bottom contact in correspondence with
said rear surface. Each solar cell is placed on the first
conductive portion with the bottom contact electrically
connected to the first conductive portion so that the plu-
rality of solar cells are connected in parallel through the
first conductive portion. In the present disclosure, the
term solar cell refers to a discrete solar cell semiconduc-
tor device or chip.
[0048] In another aspect, the present disclosure pro-
vides a method of manufacturing a solar cell assembly
having between 16 and 100 solar cells, in which the solar
cells are positioned and placed on a support in an auto-
mated manner by a pick and place assembly tool.
[0049] In another aspect, the present disclosure pro-
vides a method of manufacturing a solar cell assembly
having between 16 and 100 solar cells, in which the solar
cells are positioned and placed on a first conductive por-
tion of a support, so that the solar cells can make up a
substantial part of the upper surface of the support, such
as more than 50%, 70%, 80%, 90%, 95% or more of the
total surface of the support.
[0050] In another aspect, the present disclosure pro-
vides a method of manufacturing a solar cell assembly
having between 16 and 100 solar cells, in which the solar
cells are positioned and placed on a conductive portion
of a support, so that the contact or contacts at the rear
surface of each solar cell are electrically connected,
which thus serves to interconnect the solar cells in par-
allel.
[0051] In some embodiments, the connection between
the bottom contact of each solar cell and the first con-
ductive portion of the metal layer of the support can be
direct and/or through a conductive bonding material.
Thus, this approach is practical for creating solar cell as-
semblies of a large amount of relatively small solar cells,
such as solar cells obtained by dividing a solar cell wafer
having a substantially circular shape into a large number
of individual solar cells having a substantially rectangular
shape, for enhanced wafer utilization. The first conduc-
tive portion is continuous and thus acts as a bus inter-
connecting the bottom contacts of the solar cells. In ad-
dition, the conductive layer, including the first conductive
portion, can act as a thermal sink for the solar cells.
[0052] In some embodiments of the disclosure, the
conductive layer comprises a second conductive portion
of a second conductivity type separated from the first
conductive portion of a first conductivity type, that is, the
two conductive portions are not in direct contact with each
other. For example, the two conductive portions can be
arranged on different sides of an insulating support or
core. Each of the plurality of solar cells comprises a top
contact of a first conductivity type, and each of the plu-
rality of solar cells is connected to the second conductive
portion via the top contact by an interconnect connecting
the top contact to the second conductive portion. Thus,
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a plurality of solar cells can be arranged on the support,
connected in parallel with each other, with their bottom
contacts (such as contacts coupled to a p-polarity side
of the respective solar cell in some embodiments) con-
nected to the first conductive portion and with their top
contacts (such as contacts coupled to an n-polarity side
of the respective solar cell) connected to the second con-
ductive portion. The first and second conductive portions
can serve as bus-bars allowing the connection of the so-
lar cell assembly to other devices, such as to the other
solar cell assemblies so as to make up a larger solar cell
assembly.
[0053] In some embodiments of the disclosure, the first
conductive portion and the second conductive portion
are interconnected by means of at least one bypass di-
ode. A bypass diode functions for routing electrical cur-
rent around the solar cells. Bypass diodes are frequently
used in solar cell assemblies comprising a plurality of
series connected solar cells or groups of solar cells. If
one of the solar cells or groups of solar cells is shaded
or damaged, current produced by other solar cells, such
as by unshaded or undamaged solar cells or groups of
solar cells, can flow through the bypass diode and thus
avoid the high resistance of the shaded or damaged solar
cell or group of solar cells. The diodes can be mounted
on the top side of the metal layer and comprise an anode
terminal and a cathode terminal, with one terminal con-
nected to the metal layer. The diode can be electrically
coupled in parallel with the semiconductor solar cells and
configured to be reverse-biased when the semiconductor
solar cells generate an output voltage at or above a
threshold voltage, and configured to be forward-biased
when the semiconductor solar cells generate an output
voltage below the threshold voltage.
[0054] In some embodiments of the disclosure, said at
least one diode comprises a top side terminal and a rear
side terminal, the diode being placed on the second con-
ductive portion with said rear side terminal of the diode
electrically coupled to the second conductive portion, the
top side terminal of the diode being electrically coupled
to the first conductive portion, for example, through a via
in a support or core separating the first conductive portion
from the second conductive portion. In an alternative em-
bodiment of the disclosure, the diode can be placed on
the first conductive portion with the rear side terminal of
the diode being electrically coupled to the first conductive
portion, the top side terminal of the diode being electri-
cally coupled to the second conductive portion. Both al-
ternatives are possible, but it may sometimes be pre-
ferred to use the first conductive portion to support the
solar cells, and the second conductive portion to support
the diode or diodes. In other embodiments, it can be pre-
ferred to have both the diode and the solar cells arranged
on the same conductive portion, for example, on the
same side of a support having the first conductive portion
on one side and the second conductive portion on an-
other side. Having all the solar cell and diode components
on the same side of the support may sometimes serve

to simplify the assembly process.
[0055] In some embodiments of the disclosure, the so-
lar cell assembly comprises a plurality of rows of solar
cells placed on the first conductive portion, each row of
solar cells being connected to a subportion, such as a
strip, of the second conductive portion, through vias ar-
ranged in rows extending in parallel with the solar cells.
[0056] In some embodiments of the disclosure, each
solar cell has a surface area of less than 1 cm2. The
approach of the disclosure can be especially advanta-
geous in the case of relatively small solar cells, such as
solar cells having a surface area of less than 1 cm2, less
than 0.1 cm2 or even less than 0.05 cm2 or 0.01 cm2. For
example, substantially rectangular -such as square- so-
lar cells can be obtained in which the sides are less than
10, 5, 3, 2, 1 or even 0.5 mm long. This makes it possible
to obtain rectangular solar cells out of a substantially cir-
cular wafer with reduced waste of wafer material, and
the approach of the disclosure makes it possible to easily
place and interconnect a large number of said solar cells
in a parallel, so that they, in combination, perform as a
larger solar cell.
[0057] In some embodiments of the disclosure, each
solar cell is bonded to the first conductive portion by a
conductive bonding material. Using a conductive bond-
ing material makes it possible to establish the connection
between a bottom contact of each solar cell and the sup-
port by simply bonding the solar cell to the support using
the conductive bonding material. The conductive bond-
ing material can be selected to enhance heat transfer
between solar cell and support.
[0058] In some embodiments of the disclosure, the
conductive bonding material is an indium alloy. Indium
alloys have been found to be useful and advantageous,
in that the indium can make the bonding material ductile,
thereby allowing the use of the bonding material spread
over a substantial part of the surface of the support with-
out making the support substantially more rigid and re-
ducing the risk of formation of cracks when the assembly
is subjected to bending forces. Preferably, support, solar
cells and bonding material are matched to each other to
feature, for example, similar thermal expansion charac-
teristics. On the other hand, the use of a metal alloy, such
as an indium alloy, is advantageous over other bonding
material such as polymeric adhesives in that it allows for
efficient heat dissipation into the underlying conductive
layer, such as for example a copper layer. In some em-
bodiments of the disclosure, the bonding material is in-
dium lead.
[0059] In some embodiments of the disclosure, the
conductive layer comprises copper.
[0060] In some embodiments of the disclosure, the
support comprises a KAPTON® film, the conductive layer
being placed on the KAPTON® film. The option of using
a KAPTON® film for the support is practical for, for ex-
ample, space applications.
[0061] In some embodiments of the disclosure, the
contact of the second polarity type of each solar cell com-
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prises a conductive, such as a metal, layer extending
over a substantial portion of the rear surface of the re-
spective solar cell, preferably over more than 50% of the
rear surface of the respective solar cell, more preferably
over more than 90% of the rear surface of the respective
solar cell. In some embodiments of the disclosure, the
contact of the second polarity type comprises a conduc-
tive, such as a metal, layer covering the entire rear sur-
face of the solar cell. This helps to establish a good and
reliable contact with the conductive portion of the con-
ductive layer of the support.
[0062] In some embodiments of the disclosure, each
solar cell comprises at least one III-V compound semi-
conductor layer. As indicated above, high wafer utiliza-
tion can be especially advantageous when the solar cells
are high efficiency solar cells such as III-V compound
semiconductor solar cells, often implying the use of rel-
atively expensive wafer material.
[0063] In some embodiments of the disclosure, the so-
lar cell assembly has a substantially rectangular shape
and a surface area in the range of 25 to 400 cm2.
[0064] Another aspect of the disclosure relates to a
solar array panel comprising a plurality of solar cell as-
semblies, each of these solar cell assemblies comprising
a solar cell assembly according to one of the previously
described aspects of the disclosure. As indicated above,
the solar cell assemblies can advantageously serve as
sub-assemblies which can be interconnected to form a
major solar array panel, comprising, for example, an ar-
ray of solar cell assemblies comprising a plurality of
strings of such solar cell assemblies, each string com-
prising a plurality of solar cell assemblies connected in
series. Thus, a modular approach can be used for the
manufacture of relatively large solar array panels out of
small solar cells, which are assembled to form assem-
blies as described above, whereafter the assemblies or
modules are interconnected to form a panel.
[0065] In some embodiments of the disclosure, the
step of providing a plurality of solar cells comprises ob-
taining a plurality of substantially rectangular solar cells,
such as square solar cells, out of a substantially circular
wafer. In some embodiments of the disclosure, each of
said solar cells has a surface area of less than 1 cm2.
The approach of the disclosure can be especially advan-
tageous in the case of relatively small solar cells, such
as solar cells having a surface area of less than 1 cm2,
less than 0.1 cm2 or even less than 0.05 cm2 or 0.01 cm2.
For example, substantially rectangular -such as square-
solar cells can be obtained in which the sides are less
than 10, 5, 3, 2, 1 or even 0.5 mm long. This makes it
possible to obtain rectangular solar cells out of a sub-
stantially circular wafer with a small waste of wafer ma-
terial, whereas the approach of the disclosure makes it
possible to easily place an interconnect a large number
of said solar cells in parallel, so that they, in combination,
perform as a larger solar cell.
[0066] A further aspect of the disclosure related to a
method for forming a solar cell assembly comprising a

plurality of solar cells on a support, the method of com-
prising the steps of: providing a support with a first side
and an opposing second side, the support having a first
conductive layer on the first side of the support, and a
second conductive layer on the second side of the sup-
poer, said conductive layers being separated by an in-
sulating core; establishing a plurality of vias through the
support;
mounting a plurality of solar cells on the first side of the
support, each solar cell of the plurality of solar cells com-
prising a top surface including a contact of a first polarity
type (for example, a cathode contact), and a rear surface
including a contact of a second polarity type (for example,
an anode contact), so that the contact of second polarity
type of each of the plurality of solar cells makes electrical
contact with the first conductive layer;
arranging a plurality of conductive interconnects so that
each respective interconnect makes electrical contact
with the contact of the first polarity type of a respective
solar cell and extends through a respective via to make
electrical contact with the second conductive layer. In
this way, solar cells can be packed close together on the
first side of the support, and the first and the second metal
layers can be used to interconnect all of the solar cells
in parallel.
[0067] In some embodiments of the disclosure, the
method comprises removing conductive material on the
first side of the support so as to establish a plurality of
conductive strips. In some embodiment of the disclosure,
the vias are arranged adjacent to the strips, for example,
between adjacent strips. In some embodiments of the
disclosure, the strips are given a shape, such as a sub-
stantially triangular shape, so that the width of the strip
increases from a free end of the strip to a terminal end
where the strip is electrically connected to other strips.
This arrangement can sometimes be preferred to opti-
mize the use of conductive material and minimize weight.
In other embodiments of the disclosure, the strips have
constant width.
[0068] In some embodiments of the disclosure, the
method comprises removing conductive material on the
second side of the support so as to establish a plurality
of conductive strips. In some embodiment of the disclo-
sure, the vias are arranged adjacent to the strips, for ex-
ample, between adjacent strips. In some embodiments
of the disclosure, the strips are given a shape, such as
a substantially triangular shape, so that the width of the
strip increases from a free end of the strip to a terminal
end where the strip is electrically connected to other
strips. This arrangement can sometimes be preferred to
optimize the use of conductive material and minimize
weight. In other embodiments of the disclosure, the strips
have constant width. In some embodiments of the dis-
closure, the removal of conductive material is carried out
so that conductive strips are established having one free
and being connected to each other at an opposite end.
[0069] In some embodiments of the invention, the
method comprises the step of providing a second termi-
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nal on the first side of the support and a first terminal on
the second side of the support, the first terminal compris-
ing a portion of the second conductive layer extending
adjacent a first edge of the support, and the second ter-
minal comprisisng a portion of the first conductive layer
extending adjacent to a second edge of the support, par-
allel with the first edge of the support. This can facilitate
the interconnection of a plurality of assemblies in series
when, for example, fabricating a solar array panel. For
example, in some embodiments of the invention, the sup-
port is substantially rectangular and one solar cell as-
sembly can be placed partially overlapping another one
in correspondence with an edge, so that the first terminal
of a second one of the solar cell assemblies is placed on
top of the second terminal of the first solar cell assembly.
Thereby, firm and reliable bonding and interconnection
can be established without the use of any additional in-
terconnects: the bonding can take place directly, using,
for example, a suitable conductive soldering or welding
material, such as an indium alloy, to attach the respective
first and second terminals to each other. Thereby, a se-
ries of modules can be interconnected in series in a sim-
ple and reliable manner, so that a desired output voltage
is obtained, and each solar cell assembly includes a sub-
stantial amount of solar cells connected in parallel, so as
to establish a desired level of output current.
[0070] In some embodiments of the disclosure, the
method comprises the step of providing a bypass diode
on the assembly, in parallel with the solar cells. In some
embodiments of the disclosure, the bypass diode is
mounted on the first conductive layer and connected to
the second conductive layer through a via in the support,
and in other embodiments of the disclosure the bypass
diode is mounted on the second conductive layer and
connected to the first conductive layer through a via in
the support. In some embodiments, more than one by-
pass diode is provided on each solar cell assembly.
[0071] In some embodiments of the disclosure, the
method comprises the step of obtaining at least a plurality
of the solar cells by dividing, for example cutting, at least
one solar cell wafer into at least 10 substantially square
or rectangular solar cells, such as into at least 100 or into
at least 500 solar cells or more. In some embodiments
of the disclosure, after dividing said at least one solar cell
wafer into a plurality of substantially square or rectangu-
lar solar cells, some of said solar cells are selected so
as not to be used for producing the solar cell assembly;
the solar cells selected not to be used for producing the
solar cell assembly may correspond to a defective region
of the solar cell wafer. Thereby, overall efficiency of the
solar cell assembly is enhanced.
[0072] In some embodiments of the disclosure, the so-
lar cells have a surface area of less than 5 cm2, or in
some embodiments less than 1 cm2, less than 0.1 cm2,
less than 0.05 cm2, or less than 0.01 cm2. For example,
substantially rectangular -such as square- solar cells can
be obtained in which the sides are less than 10, 5, 3, 2,
1 or even 0.5 mm long.

[0073] In some embodiments of the disclosure, the
conductive interconnects are wires, and in some embod-
iments of the disclosure the method comprises wire ball
bonding the wires to the contacts of the first polarity type
and/or to the second conductive layer.
[0074] In some embodiments of the disclosure, the so-
lar cells are III-V compound semiconductor multijunction
solar cells. Such solar cells feature high efficiency but
are relatively costly to manufacture. Thus, the reduced
waste obtained by subdividing wafers into small solar
cells is beneficial from a cost perspective. Also, the use
of small solar cells can be advantageous to enhance flex-
ibility of the solar cell assemblies.
[0075] In some embodiments of the disclosure, the so-
lar cells are attached to the first conductive layer using
a conductive bonding material, for example, an indium
alloy. Advantages involved with the use of an indium alloy
have been explained above.
[0076] A further aspect of the disclosure relates to a
solar array panel comprising a plurality of solar cell as-
semblies including at least a first solar cell assembly and
a second solar cell assembly, each solar cell assembly
comprising a support having a first side and an opposing
second side, with a first conductive layer disposed on the
first side of the support and a second conductive layer
disposed on the second side of the support, and a plu-
rality of solar cells mounted on the first side of the support;
wherein the first solar cell assembly and the second solar
cell assembly are connected in series, wherein the sec-
ond solar cell assembly partially overlaps with the first
solar cell assembly so that a portion of the second con-
ductive layer of the second solar cell assembly overlaps
with and is bonded to a portion of the first conductive
layer of the first solar cell assembly. Thus, electrical se-
ries connection between the first solar cell assembly and
the second solar cell assembly can be established by
bonding the respective second and first layers to each
other where the assemblies overlap. Thus, a direct and
reliable connection can be established, without need for
any additional interconnects. Two or more, such as three,
four, five, ten, or more modules or assemblies can be
connected in series, and the connections can be estab-
lished without use of additional and/or complex intercon-
nects. The direct connection can serve to simplify the
manufacturing and facilitate automation thereof. In addi-
tion, as the interconnection can be established at a plu-
rality of points along and across the overlapping portions,
and/or over a substantial portion of the overlapping sur-
face, the interconnection can be established in a very
reliable manner, using welding or soldering techniques
and, if desired, additional conductive bonding material
that is placed between the overlapping portions and melt-
ed during the welding or soldering process. In some em-
bodiments of the invention, an indium alloy can be used
as a bonding material. Thus, solar cell assemblies or
modules can be placed one after the other so as to form
a solar array panel comprising a plurality of said solar
cell assemblies, arranged in one or more strings of series
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connected solar cell assemblies, the solar cell assem-
blies within each string partly overlapping with each oth-
er, in a manner resembling the manner in which tiles are
often arranged on the roofs of buildings, etc.
[0077] In some embodiments of the disclosure, the so-
lar cell assemblies are flexible. Thus, when the solar cell
assemblies are arranged on a substrate with a second
solar cell assembly partly overlapping with a first solar
cell assembly, the second solar cell assembly can, due
to its flexibility, adapt so that part of it extends in parallel
with the first solar cell assembly, that is, along a top sur-
face of the substrate, whereas another part of it is curved
so that it extends upwards from the substrate in the vi-
cinity of an edge of the first solar cell assembly, and over-
lies a portion of the first solar cell assembly in the vicinity
of said edge. Thus, in some embodiments of the disclo-
sure, the solar cell assemblies are placed so that at least
a second solar cell assembly partially overlaps at least
a first solar cell assembly, whereby the second solar cell
assembly adapts it shape accordingly, whereby part of
the second solar cell assembly and at least part of the
first solar cell assembly are arranged in one plane, and
at least another part of the second solar cell assembly is
arranged in a different plane, parallel with the first plane.
[0078] In some embodiments of the disclosure, the so-
lar cells are distributed over a first portion of the first sur-
face of each solar cell assembly, and a second portion
of the first surface is free from solar cells, and the second
solar cell assembly overlaps with the first solar cell as-
sembly in correspondence with the second portion of the
first surface of the first solar cell assembly. The first por-
tion is preferably substantially larger than the second por-
tion. For example, the first portion is preferably at least
five times larger than the second portion, preferably at
least ten times larger.
[0079] In some embodiments of the disclosure, each
solar cell assembly comprises a first terminal comprising
a conductive region on the second side of the support
adjacent a first edge of the support, and a second terminal
comprising a conductive region on the first side of the
support adjacent a second edge of the support, opposite
said first edge of the support. That is, the support can
have a substantially rectangular shape, and the terminals
can be arranged in correspondence with, that is, adjacent
to opposite peripheral edges of the support and on op-
posite sides of the support. One or both of said terminals
can correspond to a part of the corresponding conductive
layer extending in parallel with and adjacent to the cor-
responding edge. Thereby, the solar cell assemblies can
easily be arranged in a string, in a partly overlapping man-
ner, so that the first terminal of the second solar cell as-
sembly is placed on top of and in contact with the second
terminal of the first solar cell assembly, and so on.
[0080] In some embodiments of the disclosure, the so-
lar cells on each solar cell assembly are connected in
parallel. Thus, each solar cell assembly can include an
appropriate amount of solar cells so as to produce, when
in use, a desired amount of output current. The voltage

level can be determined by choosing the number of solar
cell assemblies that are connected in series in each
string.
[0081] In some embodiments of the disclosure, each
solar cell comprises a top surface including a contact of
a first polarity type, and a rear surface including a contact
of a second polarity type, the contact of second polarity
type of each of the plurality of solar cells making electrical
contact with the first conductive layer and the contact of
the first polarity type of each of the plurality of solar cells
being electrically connected to the second conductive
layer. Thus, the arrangement with two conductive layers
on opposite sides of the substrate serves on the one hand
to connect the solar cells on the module in parallel, and
on the other hand to provide for a simple and reliable
interconnection of a plurality of solar cell assemblies or
modules in series, in the partially overlapping manner
described above.
[0082] In some embodiments of the disclosure, each
solar cell assembly comprises a plurality of vias in the
support extending from the first side of the support to the
second side of the support, and a plurality of conductive
interconnects extend from the first side of the support to
the second side of the support, each respective intercon-
nect making electrical contact with the contact of the first
polarity type of a respective solar cell and extending
through a respective via to make electrical contact with
the second conductive layer disposed on the second side
of the support. That is, the solar cells arranged on the
first side of the support and connected to the first con-
ductive layer via their rear contacts, are connected to the
second conductive layer via interconnects, such as wires,
passing through respective vias in the support.
[0083] In some embodiments of the disclosure, the first
conductive layer comprises a plurality of strips, such as
substantially rectangular or triangular strips, extending
across the first side of the support. In some embodiments
of the disclosure, each strip has a free end adjacent to
one edge of the support, and another end where the strip
is connected to a part of the conductive layer that extends
along another edge of the support and which constitutes
or forms part of the second terminal. In the embodiments
in which vias are present in the support, the vias can be
arranged in parallel with the strips, between adjacent
strips. The solar cell assemblies can be arranged on a
substrate, glued to the substrate.
[0084] In some embodiments of the disclosure, the so-
lar cells have a surface area of less than 5 cm2, or in
some embodiments less than 1 cm2, less than 0.1 cm2,
less than 0.05 cm2, or less than 0.01 cm2. For example,
substantially rectangular -such as square- solar cells can
be used in which the sides are less than 10, 5, 3, 2, 1 or
even 0.5 mm long.
[0085] In some embodiments of the disclosure, the so-
lar cells are III-V compound semiconductor multijunction
solar cells. Such solar cells feature high efficiency but
are relatively costly to manufacture. Thus, the solar array
panel can comprise a plurality of series connected mod-
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ules, each of which comprises a large amount of small
solar cells connected in parallel. Errors in individual solar
cells will not substantially affect the performance of the
entire module, and the modules can be interconnected
as described to provide for a reliable interconnection,
minimizing the risk for errors and enhancing the reliability
of the performance of each string of modules.
[0086] A further aspect of the disclosure relates to a
method of manufacturing a solar array panel, comprising
the steps of:

providing a plurality of solar cell assemblies including
at least a first solar cell assembly and a second solar
cell assembly, each solar cell assembly comprising
a support having a first side and an opposing second
side, with a first conductive layer disposed on the
first side of the support and a second conductive
layer disposed on the second side of the support,
and a plurality of solar cells mounted on the first side
of the support;
placing the first solar cell assembly on a substrate;
placing the second solar cell assembly on the sub-
strate so that the second solar cell assembly partially
overlaps with the first solar cell assembly so that a
portion of the second conductive layer of the second
solar cell assembly overlaps with a portion of the first
conductive layer of the first solar cell assembly;
bonding the portion of the second conductive layer
to the portion of the first conductive layer, so as to
establish a mechanical and electrical connection be-
tween the two conductive layers. The connection can
be established at one or more specific points or areas
of the overlap, for example, along and across the
entire overlap or most of it, or only at specific points.
The way in which the bonding is carried out can be
selected to optimize the performance in terms of, for
example, simplicity of manufacture, reliability of the
electrical and/or mechanical connection, flexibility of
the panel, etc.

[0087] The step of attaching the two portions to each
other can, for example, include the step of applying heat
and/or pressure. In some embodiments of the invention,
a conductive soldering material is applied in the area of
the overlap, for example, on the portion of the first con-
ductive layer or on the portion of the second conductive
layer, prior to bringing the two portions in contact with
each other.
[0088] In some embodiments of the disclosure, the
method comprises the step of applying a conductive sol-
dering material onto a portion of the first conductive layer
in correspondence with an edge of the first solar cell as-
sembly, prior to placing the second solar cell assembly
onto the structure.
[0089] In some embodiments of the disclosure, the so-
lar cell assemblies are placed on the structure using at
least one pick-and-place device.
[0090] In some embodiments of the disclosure, the

supports are flexible so that the solar cell assemblies
adapt their shape when placed on the structure, so that,
for example, when the second solar cell assembly is
placed on the structure partially overlapping with the first
solar cell assembly, its shape is adapted so that, for ex-
ample, a major portion of the second solar cell assembly
is arranged on the structure and coplanar with a major
portion of the first solar cell assembly, whereas a minor
portion of the second solar cell assembly extends up-
wards from said structure and over a portion of the first
solar cell assembly, in correspondence with an edge of
the first solar cell assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0091] To complete the description and in order to pro-
vide for a better understanding of the disclosure, a set of
drawings is provided. Said drawings form an integral part
of the description and illustrate embodiments of the dis-
closure, which should not be interpreted as restricting
the scope of the disclosure, but just as examples of how
the disclosure can be carried out. The drawings comprise
the following figures:

Figure 1 is a perspective view of a support that can
be used for fabricating a module according to the
present disclosure depicting metallization over the
top and bottom surfaces;

Figure 2A is a perspective view of the support of FIG.
1 after a step of forming a plurality of grooves in a
top metal layer of the support in a first embodiment;

Figure 2B is a perspective view of the support of FIG.
1 after a step of forming a plurality of grooves in the
top metal layer of the support in a second embodi-
ment;

Figure 3A is a top plan view of the support of FIG.
2A in a first embodiment;

Figure 3B is a bottom perspective view of the support
of FIG. 2A in a first embodiment;

Figure 3C is a bottom perspective view of the support
of FIG. 2A in a second embodiment;

Figure 4A is a top plan view of the support of FIG.
3A after the next process step of providing vias ex-
tending into or through the support according to the
present disclosure;

Figure 4B is a cross-sectional view of the support of
FIG. 4A through the 4B-4B plane in Fig. 4A;

Figure 4C is a bottom perspective view of the support
of FIG. 4A in first embodiment;
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Figure 4D is a cross-sectional view of the support
according to the present disclosure in a second em-
bodiment;

Figure 4E is a bottom perspective view of the support
of FIG. 4D in a second embodiment;

Figure 4F is a bottom perspective view of the support
of FIG. 4A in a second embodiment;

Figure 4G is a bottom perspective view of the support
of FIG. 4A in a second embodiment;

Figure 5A is a perspective view of the support of FIG.
4A after the next process step of mounting a plurality
of solar cells on the first strip according to the present
disclosure;

Figure 5B is a cross-sectional view of the support of
FIG. 5A through the 5B-5B plane shown in FIG. 5A;

Figure 5C is a cross-sectional view of the support of
FIG. 5A through the 5C-5C plane shown in FIG. 5A;

Figure 5D is a perspective view of the support of FIG.
4A after the next process step according to the
present disclosure of mounting a plurality of solar
cells on the second strip;

Figure 6A is a perspective view of the support of FIG.
5A after the next process step of attaching an inter-
connect to each of the plurality of solar cells and
passing each interconnect through an adjoining re-
spective via according to the present disclosure;

Figure 6B is a cross-sectional view of the support of
FIG. 5A through the 6B-6B plane shown in FIG. 5A
in a first embodiment;

Figure 6C is a cross-sectional view of the support of
FIG. 6A through the 6C-6C plane shown in FIG. 6A
depicting the interconnect arrangement in the first
embodiment according to the present disclosure;

Figure 6D is a bottom view of the support of FIG. 6A
in which the interconnect extending through a re-
spective via is electrically connected to a portion of
the metallization layer on the back surface;

Figure 6E is a schematic diagram of the components
of the module of FIG. 6A;

Figure 6F is a cross-sectional view of the support of
FIG. 5A through the 6B-6B plane shown in FIG. 5A
in a second embodiment according to the present
disclosure;

Figure 6G is a cross-sectional view of the support of

FIG. 6A depicting the interconnect arrangement in
the second embodiment according to the present
disclosure in which the interconnect extends through
a respective via and is electrically connected to a
portion of the metallization layer on the back surface
at the bottom of the via;

Figure 7A is a schematic cross-sectional view of a
first solar cell module of FIG. 6A mounted on a panel
or supporting substrate during the first step of a panel
assembly process;

Figure 7B is a schematic cross-sectional view of a
second solar cell module of FIG. 6A positioned and
about to be coupled with the first solar cell module
during the second step of a panel assembly process;

Figure 7C is a schematic cross-sectional view of the
second solar cell module shown in FIG. 7B being
coupled with the first solar cell module shown in FIG.
7A during the third step of a panel assembly process;

Figure 7D is a schematic cross-sectional view of the
second solar cell module shown in FIG. 7C being
mounted on the panel or supporting substrate during
the fourth step of a panel assembly process; and

Figure 8 is a highly simplified perspective view of a
space vehicle incorporating an array in which the
deployable solar cell panel incorporates the inter-
connected solar cell module assemblies according
to the present disclosure.

DETAILED DESCRIPTION

[0092] Details of the present disclosure will now be de-
scribed including exemplary aspects and embodiments
thereof. Referring to the drawings and the following de-
scription, like reference numbers are used to identify like
or functionally similar elements, and are intended to il-
lustrate major features of exemplary embodiments in a
highly simplified diagrammatic manner. Moreover, the
drawings are not intended to depict every feature of the
actual embodiment nor the relative dimensions of the de-
picted elements, and are not drawn to scale.
[0093] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure, or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, the appearanc-
es of the phrases "in one embodiment" or "in an embod-
iment" in various places throughout this specification are
not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or char-
acteristics may be combined in any suitable manner in
one or more embodiments.
[0094] The present disclosure provides a process for
the design and fabrication of a modular solar cell sub-
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assembly, and the fabrication of a solar cell array panel
utilizing such interconnected modular subassemblies.
[0095] Figure 1 illustrates an example of a support 100
that can be used in an embodiment of the disclosure in
the fabrication of the modular subassembly. The support
comprises an insulating support layer 101 and a conduc-
tive metal layer 102 arranged on a top surface of the
support layer 101 and a conductive metal layer 103 ar-
ranged on a bottom surface of the support layer 101. In
some embodiments of the disclosure, the metal layer 102
is a copper layer, having a thickness in the range of from
1 mm and up to 50 mm. In some embodiments of the
disclosure, the support layer 101 is a KAPTON® sheet.
The chemical name for KAPTON® is poly (4,4’-oxydiphe-
nylene-pyromellitimide). A polyimide film sheet or layer
may also be used. Preferably the metal layer is attached
to the support layer in an adhesive-less manner, to limit
outgassing when used in a space environment. In some
embodiments of the disclosure the support layer can
have a thickness in the range of 1 mil (25.4 mm) to 4 mil
(101.6 mm). In some embodiments of the disclosure, a
support can be provided comprising KAPTON®, or an-
other suitable support material, on both sides of the metal
film 102, with cutouts for the attachment of solar cells
and interconnects to the metal film. In some embodi-
ments of the disclosure, the metal film layer 103 at the
bottom surface of the support is of the same material and
has the same or a similar thickness as the metal film layer
102 at the top surface of the support. In some embodi-
ments, the two metal film layers are of different materials
and/or have different thicknesses.
[0096] Although the support 100 is depicted in Fig. 1
as the size and shape of the ultimate module, which may
be a square or rectangular element ranging from 1 inch
to 6 inches on a side, the support 100 may be fabricated
out of a roll or larger support material such as a polymide
film which is automatically processed and cut to produce
the individual support 100 depicted in Fig. 1, or subse-
quently depicted processed structures in Figure 2
through 4. A description of such fabrication processes
goes beyond the scope of the present disclosure.
[0097] Figure 2A is a perspective view of the support
100 of FIG. 1 after a step of forming a plurality of grooves
in a top metal layer of the support in a first embodiment.
Figure 2A illustrates the support 100 of Figure 1 after a
step in which a portion of the metal layer 102 has been
removed, by for example etching or laser scribing, where-
by channels or grooves 105a, 106a, ... 111 a are formed
traversing the metal layer 102, separating it into at least
a plurality of strips 105, 106, ... 112 extending in parallel
and in some embodiments connected to each other at a
terminal 120 on a perpetual edge of the support 100.
[0098] Figure 2B is a perspective view of the support
100 of FIG. 1 after a step of forming a plurality of grooves
180a, 181 a, 182a, ... etc. and metal strips 180, 181, ...
etc. in the top metal layer of the support in a second
embodiment. Here, the grooves 180a, 181 a etc. are V-
shaped or triangular, and so are the strips 180, 181, ...

187. The use of this kind of strips the width of which in-
creases along the strip when moving from the free end
of the strip to the end where the strip is connected to the
band or second terminal 120, is that when in use and
with solar cells arranged in a row along the strip 180,
current will flow in one direction, and the current will be
lowest towards the free end of the strip (where the current
corresponds to the one produced by one solar cell), and
higher towards the end where the strip connects to the
terminal 120 (where the current is the sum of the currents
produced by the solar cells arranged on the strip). Thus,
the need for a sufficient cross section of conductive ma-
terial is higher towards the end where the strip mates
with the second terminal 120. Thus, the increasing width
corresponds to an optimization of the use of conductive
material, which can be important especially for space ap-
plications.
[0099] Figure 3A is a top plan view of the support 100
of FIG. 2A in a first embodiment with strips 105, 106, ...
112 extending along the top surface.
[0100] Figure 3B is a bottom plan view of the support
100 of FIG. 2A in a first embodiment. Here, the bottom
metal layer 103 completely covers the bottom surface of
the support 100.
[0101] Figure 3C is a bottom plan view of the support
of FIG. 2A in a second embodiment. Here, triangular
grooves 130a, 131 a, ... 136a have been established,
separating triangular strips 130, 131, ... 137. The width
of the strips increases towards the end where the strips
are connected to the first terminal 139. The advantages
involved with this are analogous to the ones described
above in relation to the V-shaped strips at the top surface
in the embodiment shown in FIG. 2B.
[0102] Figure 4A is a top plan view of the support of
FIG. 3A after the next process step of providing vias 146,
147 along groove 105a, and vias 246, 277 along groove
106a, etc. extending into or through the support 100 ac-
cording to the present disclosure. The vias can be pro-
vided using any suitable means and in one embodiment
may be provided in layer 101 prior to metallization of the
layers 102, 103.
[0103] Figure 4B is a cross-sectional view of the sup-
port of FIG. 4A through the 4B-4B plane in Fig. 4A and
illustrates in the first embodiment how the vias 140,
141, ... 147 traverse the support 101 and the metal film
layer 103 on the bottom of the support 101.
[0104] Figure 4C is a bottom plan view of the support
of FIG. 4A in first embodiment and illustrates how the
vias 140, 141, ... 147 traverse the metal film layer 103
and emerge at the bottom surface thereof. (Only one row
of vias 140, ... 147 are shown for simplicity).
[0105] Figure 4D is a cross-sectional view of the sup-
port of FIG. 4A according to the present disclosure in a
second embodiment in which the vias 140, 141, ... 147
traverse the support 101 and stop at the top of the metal
film layer which we designate in this embodiment by
103a. In this second embodiment, the metal film layer is
designated as 103a to distinguish it from the metal film
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layer 103 of the first embodiment.
[0106] Figure 4E is a bottom perspective view of the
support of FIG. 4D in the second embodiment depicting
the metal film layer 103a covering the entire bottom sur-
face.
[0107] Figure 4F is a bottom plan view of the support
of FIG. 4A is a variation of the embodiment of FIG. 4C,
but here the metal film layer 103 is formed into triangular
strips 130, 131, ... 137. Here, the vias 140, 141, ... 147
are arranged in the grooves 130a, 131 a, etc.
[0108] Figure 4G is a bottom perspective view of the
support of FIG. 4A in a second embodiment as a variation
of the embodiment of FIG. 4E in which the vias 140,
141, ... 147 traverse the support 101 and stop at the top
of the metal film layer 103a, at strips 130, 131, ... 137.
[0109] Figure 5A is a perspective view of the support
of FIG. 4A after the next process step of mounting a plu-
rality of solar cells 200, 201, ... 207 on a first one 105 of
the strips according to the present disclosure. Each solar
cell has a top surface in which a contact pad (in the en-
larged depiction represented by 207a for solar cell 207),
such as a cathode contact pad, is provided. Figure 5A
schematically illustrates how a plurality of solar cells 200,
201 ... etc. have been electrically connected to one of
the strips forming part of the first conductive portion. The
solar cells 200, 201, ... 207 are preferably placed close
to each other (from 0.1 to 1 mm apart or other suitable
spacing that may be possible using standard "pick-and-
place" fabrication equipment) and all throughout the
strips, so as to optimize space utilization. In Figures 5B
and 5C the solar cells are shown separated by a small
gap or space 250, 251, ... etc. It is preferred that a sub-
stantial percentage, such as more than 50%, 60%, 70%,
80% or 90%, such as more than 95%, of the top surface
support 101 is covered by solar cells, so as to provide
an optimized W/m2 or W/kg ratio. However, a portion of
the top metal layer, such as the terminal 120 extending
along a peripheral edge of the support, can be left free
of solar cells, and serve to establish direct series or par-
allel connection with an adjacent solar cell assembly or
module.
[0110] Each solar cell 200, 201, ... etc. comprises a
bottom contact 210 on a rear or bottom surface of the
solar cell, as shown in Figure 6B for solar cell 207, and
a top contact 207a on a front or top surface of the solar
cell 207. In some embodiments of the disclosure, the
bottom contact 210 comprises a metal layer covering the
entire rear surface of the solar cell or a substantial portion
of the rear surface of the solar cell, and the top contact
207a is a small pad placed adjacent to an edge of the
front surface of the solar cell 207. The top contact 207a
has preferably a small surface area to allow the major
part of the front surface of the solar cell to be an effective
surface for the conversion of sunlight into electric power.
In the enlarged portion of Figure 5A, the top contact 207a
is only shown for one of the solar cells 207, for simplicity.
[0111] The solar cell 207 is preferably attached to the
metal strip 105 by a conductive bonding material 211 as

shown in Figure 6B, such as a layer of a metal alloy, such
as an indium alloy, such as an indium lead alloy. As is
easily understood from Figure 6B and Figure 6C, the met-
al layer including the strip 105 serves as a heat sink for
the solar cells, and an indium alloy such as indium lead
has appropriate heat conduction characteristics. At the
same time, indium is advantageous as it provides for duc-
tility, thereby reducing the risk for cracks in the bonds
between the solar cells and the metal strip 105 when the
assembly is subjected to the bending forces.
[0112] Figure 5B is a cross-sectional view of the sup-
port of FIG. 5A through the 5B-5B plane shown in FIG. 5A.
[0113] Figure 5C is a cross-sectional view of the sup-
port of FIG. 5A through the 5C-5C plane shown in FIG.
5A.
[0114] Figure 5D is a perspective view of the support
of FIG. 4A after the next process step according to the
present disclosure of mounting a plurality of solar cells
300, ... 307 on the second strip 106. The complete pop-
ulation of all strips 105, 106, ... 112 with solar cells is not
shown for simplicity of the drawing.
[0115] Figure 6A is a perspective view of the support
of FIG. 5A after the next process step of attaching an
interconnect 400 to each of the plurality of solar cells and
passing each interconnect through an adjoining respec-
tive via according to the present disclosure. In this em-
bodiment, the interconnect is a simple wire 400. Wire
bonding can be used to attach the wire to the contact pad
at the top surface of the solar cell, using standard wire
bonding techniques and standard automation equipment
for wire bonding.
[0116] Figure 6B which has already been discussed
above is a cross-sectional view of the support of FIG. 6A
through the 6B-6B plane shown in FIG. 5A, and shows
the corresponding part of the assembly prior to incorpo-
ration of the wire including the channel 105a shown in
FIG. 2A and the via 147.
[0117] Figure 6C is a cross-sectional view of the sup-
port of FIG. 6A through the 6C-6C plane shown in FIG.
6A and illustrates the same part of the assembly after
incorporation of the wire 400 in a first embodiment. Here,
it can be seen how the wire 400 interconnects the contact
pad 201 and the metal layer 103 on the bottom surface
of the support. A first end 401 of the wire is wire bonded
to the contact pad 207a, and a second end 403 of the
wire is wire bonded to the bottom surface of the metal
layer 103, and the first end 401 and the second end 403
are interconnected by a portion 402 of the wire that ex-
tends through the via 147.
[0118] Figure 6D is a bottom view of the support of
FIG. 6A in which the interconnects 400 extending through
a respective via 740, ... 747 along the groove 137a is
electrically connected to a portion, namely, to a triangular
strip 137 of the metallization layer 103 on the back sur-
face. It should be observed that Figures 6A-6D are purely
schematic and that in practice, in other embodiments the
interconnects 400 may not protrude beyond the bottom
surface of the support as shown in Figure 6D, as will be
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presented in FIG. 6F and 6G below.
[0119] FIG. 6E is a schematic diagram of the compo-
nents of the first row of solar cells 200, ... 207 in the mod-
ule of FIG. 6A, and shows how a plurality of such solar
cells are connected in parallel due to their connection to
the top conductive layer 102 and the bottom conductive
layer 103. In addition, a bypass diode 350 is connected
in parallel with the row of solar cells, also by connection
to the top conductive layer 102 and the bottom conductive
layer 103. The diode 350 can be physically implemented
on any of the two sides of the support. For example, in
some embodiments, the bypass diode can be placed on
the same side of the support as the solar cells, for exam-
ple, adjoining one or more of the solar cells 200 shown
in Figure 6A. In other embodiments, the diode can be
implemented on the bottom side of the support. Depic-
tions of the diode 350 are not shown in the other figures
for simplicity of the drawings.
[0120] Figure 6F is a cross-sectional view of the sup-
port of FIG. 5A through the 6B-6B plane shown in FIG.
5A in a second embodiment according to the present
disclosure.
[0121] Figure 6G is a cross-sectional view of the sup-
port of FIG. 6A depicting the interconnect arrangement
in the embodiment according to the present disclosure
in which the interconnect 400 extends through a respec-
tive via 160 and is electrically connected at the end 403
of the interconnect 400 to a portion 161 of the top surface
of the metallization layer 103a disposed at the bottom of
the via 160.
[0122] It is clear from the embodiments schematically
shown in the figures discussed above how many small
solar cells, such as solar cells having a surface area of
less than 1 cm2, less than 0.1 cm2 or less than 0.01 cm2,
can easily be placed on the first conductive portion such
as on different subareas, tracks or strips of the first con-
ductive portion, and bonded to it by bonding their back
sides to the first conductive portion using a conductive
bond that connects that bottom contact of the solar cell
to the first conductive layer 102, and how interconnects
400 can be added to connect the top contacts of the solar
cells to the second conductive layer 103, through vias
150 through the support. One or more bypass diodes can
easily be added, as explained.
[0123] Thus, an assembly of a plurality of solar cells
connected in parallel is obtained, and this kind of assem-
bly can be used as a subassembly or module, together
with more subassemblies or modules of the same kind,
to form a larger assembly, such as a solar array panel,
including strings of series connected assemblies.
[0124] Although a parallel electrical interconnection
scheme is the specific arrangement depicted in the
present disclosure, the interconnection of individual solar
cells in a module by suitable arrangements or trace pat-
terns of the conductive layers on the first and second
sides of the support.
[0125] The figures are only intended to schematically
show embodiments of the disclosure. In practice, the spa-

tial distribution will mostly differ: solar cells are to be
packed relatively close to each other and arranged to
occupy most of the surface of the assembly, so as to
contribute to an efficient space utilization from a W/m2

perspective.
[0126] Figure 7A is a schematic cross-sectional view
of a first solar cell module or assembly 1000 of the type
described above, mounted on a panel or supporting sub-
strate 500 during the first step of a panel assembly proc-
ess. An adhesive layer 501 is present on the top surface
of the substrate 500 for attaching the assembly 1000 to
the substrate 500. A interconnection pad 550, for exam-
ple, of a conductive material -such as for example an
indium alloy- that can be fused to bond two conductive
layers to each other, is placed adjacent to an edge of the
assembly 1000, on top of the first conductive layer 102
and, more specifically, on the second terminal part of the
first conductive layer.
[0127] Figure 7B schematically illustrates how a sec-
ond solar cell assembly 1001, of the same type as the
first solar cell assembly 1000, is being transferred to a
position partially overlapping with the first solar cell as-
sembly 1000, by a schematically illustrated pick-and-
place apparatus 502.
[0128] Figure 7C schematically illustrates a third step
of the process, with the second solar cell module 1001
coupled with the first solar cell module 1000. It can be
seen how the second solar cell module 1001 and the first
solar cell module partially overlap with each other: more
specifically, the second solar cell module 1001 is placed
on top of a portion of the first conductive layer 102 of the
first solar cell module 1000 that is free from solar cells,
that is, a portion that corresponds to the second terminal
described above.
[0129] Figure 7D schematically illustrates the first and
the second solar cell modules arranged on the supporting
substrate after a fourth step of a panel assembly process.
Here, a major portion of the second solar cell assembly
1001 has been aligned with the first solar cell assembly
1000 and glued to the supporting substrate 500 by the
adhesive layer 501. The first terminal of the second solar
cell assembly 1001 has been bonded to the second ter-
minal of the first solar cell assembly 1000.
[0130] Figure 8 is a highly simplified perspective view
of a space vehicle 10000 incorporating a solar cell array
2000 in the form of a deployable flexible sheet including
a flexible substrate 500 on which solar cell modules 1000
and 1001 according to the present disclosure are placed.
The sheet may wrap around a mandrel 2001 prior to being
deployed in space. The space vehicle 10000 includes a
payload 10003 which is powered by the array of solar
cell assemblies 2000.
[0131] It is to be noted that the terms "front", "back",
"top", "bottom", "over", "on", "under", and the like in the
description and in the claims, if any, are used for descrip-
tive purposes and not necessarily for describing perma-
nent relative positions. It is understood that the terms so
used are interchangeable under appropriate circum-
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stances such that the embodiments of the disclosure de-
scribed herein are, for example, capable of operation in
other orientations than those illustrated or otherwise de-
scribed herein.
[0132] Furthermore, those skilled in the art will recog-
nize that boundaries between the above described op-
erations are merely illustrative. The multiple units/oper-
ations may be combined into a single unit/operation, a
single unit/operation may be distributed in additional
units/operations, and units/operations may be operated
at least partially overlapping in time. Moreover, alterna-
tive embodiments may include multiple instances of a
particular unit/operation, and the order of operations may
be altered in various other embodiments.
[0133] In the claims, the word ’comprising’ or ’having’
does not exclude the presence of other elements or steps
than those listed in a claims. The terms "a" or "an", as
used herein, are defined as one or more than one. Also,
the use of introductory phrases such as "at least one"
and "one or more" in the claims should not be construed
to imply that the introduction of another claim element by
the indefinite articles "a" or "an" limits any particular claim
containing such introduced claim element to disclosures
containing only one such element, even when the claim
includes the introductory phrases "one or more" or "at
least one" and indefinite articles such as "a" or "an". The
same holds true for the use of definite articles. Unless
stated otherwise, terms such as "first" and "second" are
used to arbitrarily distinguish between the elements such
terms describe. Thus, these terms are not necessarily
intended to indicate temporal or other prioritization of
such elements. The fact that certain measures are recited
in mutually different claims does not indicate that a com-
bination of these measures cannot be used to advantage.
[0134] The present disclosure can be embodied in var-
ious ways. The above described orders of the steps for
the methods are only intended to be illustrative, and the
steps of the methods of the present disclosure are not
limited to the above specifically described orders unless
otherwise specifically stated. Note that the embodiments
of the present disclosure can be freely combined with
each other without departing from the spirit and scope of
the disclosure.
[0135] Although some specific embodiments of the
present disclosure have been demonstrated in detail with
examples, it should be understood by a person skilled in
the art that the above examples are only intended to be
illustrative but not to limit the scope of the present dis-
closure. It should be understood that the above embod-
iments can be modified without departing from the scope
and spirit of the present disclosure which are to be de-
fined by the attached claims.

Claims

1. A solar cell assembly comprising:

a support (101) comprising a first side and an
opposing second side;
a first conductive layer (102) comprising a first
conductive portion disposed on the first side of
the support;
a second conductive layer (103) comprising a
second conductive portion disposed on the sec-
ond side of the support;
a plurality of solar cells (200, 201, 202, 203, 204,
205, 206, 207) mounted on the first side of the
support, each solar cell of the plurality of solar
cells comprising a top surface including a con-
tact (207a) of a first polarity type, and a rear sur-
face (210) including a contact of a second po-
larity type;
the contact (210) of second polarity type of each
of the plurality of solar cells making electrical
contact with the first conductive portion of the
first conductive layer (102);
a plurality of conductive interconnects (400) ex-
tending from the first side of the support to the
second conductive layer (103), each respective
interconnect making electrical contact with the
contact of the first polarity type of a respective
solar cell and extending through a respective via
(140,141, 142, 143, 144, 145, 146, 147; 150;
160; 740, 741, 742, 743, 744, 745, 746, 747) to
make electrical contact with the second conduc-
tive layer (103) disposed on the second side of
the support;
a first terminal (139) of the module disposed on
the second side of the support and connected
to the second conductive portion; and
a second terminal (120) of the module disposed
on the first side of the support and connected to
the first conductive portion.

2. A solar cell assembly as defined in claim 1, wherein
the first conductive portion comprises a plurality of
strips (105, 106, 107, 108, 109, 110, 111, 112; 180,
181, 182, 183, 184, 185, 186, 187) with a thickness
in the range of 5 to 50 microns.

3. A solar cell assembly as defined in claim 1, wherein
the first conductive portion comprises a plurality of
strips (180, 181, 182, 183, 184, 185, 186, 187) each
having a width that increases from a free end of the
strip to an end of the strip where the strip is electrically
connected to the second terminal (120).

4. A solar cell assembly as defined in claim 2 or in claim
3, wherein a plurality of solar cells are disposed ad-
jacent to one another on each of the strips, and each
of the solar cells have a dimension in the range of 5
to 10 mm on a side.

5. A solar cell assembly as defined in any of the pre-
ceding claims, wherein the second conductive por-
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tion comprises a plurality of strips (130, 131, 132,
133, 134, 135, 136, 137) having a width that increas-
es from a free end of the strip to an end of the strip
where the strip is electrically connected to the first
terminal (139).

6. A solar cell assembly as defined in any of the pre-
ceding claims, wherein the support is a polyimide
film having a thickness of between 25 and 100 mi-
crons.

7. A solar cell assembly as defined in any of the pre-
ceding claims, wherein the interconnect (400) com-
prises a conductive element extending from the con-
tact of first polarity type to the bottom surface of the
support through a via (140,141, 142, 143, 144, 145,
146, 147; 150; 160; 740, 741, 742, 743, 744, 745,
746, 747) which has a diameter of between 100 and
200 microns.

8. A solar cell assembly as defined in any of the pre-
ceding claims, wherein the first terminal (139) of the
module is disposed on a first peripheral edge of the
module, and the second terminal (120) of the module
is composed of a metallic strip extending parallel to
the first peripheral edge of the module.

9. A solar cell assembly as defined in any of the pre-
ceding claims, further comprising a bypass diode
(350) mounted in parallel with the solar cells and
functioning as a bypass diode of the solar cell as-
sembly, wherein the bypass diode has a top terminal
of a first conductivity type and a bottom terminal of
a second conductivity type, and the bottom terminal
is mounted on and electrically connected to the first
conductive layer (102).

10. A solar cell assembly as defined in any of the pre-
ceding claims, wherein the solar cells are discrete
multijunction III/V compound semiconductor cells
and are arranged in an array comprising not less
than 9 and not more than 36 solar cells.

11. A solar array panel comprising a plurality of modular
solar cell assemblies (1000, 1001), each solar cell
assembly including an interconnect which electrical-
ly and mechanically connects the solar cell assembly
with an adjacent solar cell assembly, and wherein
each solar cell assembly is a solar cell assembly
according to any of the preceding claims.
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